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Abstract 

We review possible tests of the left-right electroweak model at future linear colliders, 
concentrating on signatures of the central predictions of the model, i.e. right-handed 
currents, massive neutrinos and triplet Higgs bosons. We analyse processes in e^e“, e“e“ 
and e“7 collision modes. We present the mass reaches for the new particles at linear 
collider and sensitivities to their couplings. 


The model 

The left-right symmetric model (LRM) of electroweak interactions, based on 
the SU{2)l X SU{2)ji x U{1)b-l symmetry, has many predictions one can test 
at linear collider (LC). The extended symmetry implies the existence of new gauge 
bosons, Wb and which mediate V-l-A -type, i.e. right-handed, weak interactions. 
It also requires more complicated Higgs sector than in the Standard Model (SM) 
to realize the two-step spontaneous breaking of the gauge symmetry down to the 
unbroken U{1) of QED. The breaking of SU{2)l x SU{2)r x U{1)b-l to the SM 
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symmetry SU{2)l x U{1)y is arranged with an SU{2)r triplet scalar, the right- 
triplet (A^+, A^, A^j). The breaking of the SM symmetry is dne to a bidonblet 
scalar mnltiplet consisting of a donblet and a conjngated donblet of SU{2)l. Also 
a left-triplet (A^^, A^, A°) may exist and contribnte to this breaking, bnt the vev 
of A» is tightly bonnd by the p parameter, or the mass ratio of the ordinary weak 
bosons. The fermion contents of the LRM is the same as that of SM, except that 
right-handed nentrinos N also exist. In the most natnral version of the model A’s 
are heavy as a resnlt of the see-saw mechanism |Q], with a mass comparable to the 
masses of the new gange bosons. 

All the central predictions of the LRM, i.e. the new gange bosons and 
the Higgs triplet (A^"*", A^, Ajj) and the right-handed nentrinos A, are connected 
intrigningly to each other throngh the spontaneons breaking of the LR symmetry. 
In the following we will consider the prodnction of Wr, AJ"*", and A, which will 
constitnte the most effective probes of LRM at linear collider. 

Signals of 

According to the results of Tevatron, the mass of the new charged gauge boson is 
constrained to be > 650 GeV p. Although this bound can be evaded for 
some choices of model parameters (a mass as low as ~ 300 GeV being possible [Q), 
it is probable that the pair production of Wrs in p and in e“e“ [§, || is 

kinematically excluded in a LG with collision energy below 1 TeV. A single Wr 
production via and e“e“ —> may be kinematically viable 

but it is suppressed by the smallness of the WlWr mixing Q. 

When the collision energy is sufficiently above 1 TeV, the pair production of IVi^’s 
via > hh^lV^ and e“e“ —> WrWr may become possible. At ^/s = 1.6 TeV 

the cross section for the WrWr production is at the level of 100 fb for Mw^ = 650 
GeV 0 and the mass reach will be practically up to the threshold value of a/s/2. 
The pair production of the same sign Wrs in e~e~ collisions is an excellent place to 
probe the LR model. The reaction is mediated by a Majorana neutrino in t-channel 
and the doubly charged Higgs boson in s-channel. The right handed neutrino (A) 
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and Wr boson mass reach of LC dne to this process is plotted in Fig. 1. It is 
assnmed in this plot that the donbly charged Higgs is very heavy — = bM^) 
so that its contribntion is insignihcant in comparison with the contribntion of the 
nentrino. The direct Mw^ reach is np to a/s/2 and the indirect reach np to 
abont 20 TeV. 

In the electron-photon collision mode Wr can be prodnced via the reaction 
e “7 — W^N, which is kinematically accessible provided the right-handed nen¬ 
trino N is light enongh For = 730 GeV (corresponding to ^/s = 800 GeV 
in the mode), = 650 GeV and < 75 GeV the cross section is in the 
range 10 - 20 fb corresponding to some 50 - 100 events for the Inminosity of 50 
fb“^. The right-handed nentrino has most natnrally a mass mnch larger than 75 
GeV, making the reaction kinematically forbidden. The limits on the mixing of the 
left-handed nentrino u with N still allow the kinematically more favonrable reaction 
e “7 —>■ to have the cross section at observable level. 

The prodnction of PFr’s can be identihed throngh its decay to the ordinary Wr 
boson and a nentrino. 


Signals of the right-handed neutrino 

The heavy right-handed nentrinos can be prodnced in e’''e“ NN proceeding via 
a Z2 exchange in s-channel and a Wr exchange in t-channel [||. In LRM the heavy 
nentrino is a Majorana nentrino, for which the cross section of the pair prodnction 
is slightly smaller than for a Dirac nentrino, in particnlar close to the threshold, 
dne to the well-known (3^ snppression. The LG with anticipated Inminosities can 
probe nentrino masses practically np to the kinematical limit \/s/2. To probe the 
Dirac and Majorana natnre of nentrinos one can nse the angnlar distribntions. The 
process gives an indirect probe of the mass Mw^- For a/s = 1-6 TeV the probe is 
np to abont 4 TeV, as presented in Fig. 1. 

A better mass reach, np to a/s, for the right-handed nentrino is offered by the 
reaction e’''e“ —>■ Nv whose cross section can be at a few fb level when the constraints 
on the nentrino mixing are taken into acconnt |^. 
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Signals of the triplet Higgs 


The left-triplet and right-triplet Ar Higgses transform as (3,1,2) and (1,3,2) 
nnder SU{2)r x SU{2)r x U{1)b-L) respectively. The gange symmetry prevents 
these scalars from conpling to qnarks, and their conplings to fermions violate lepton 
nnmber by two nnits, |AL| = 2. For discovery the most favonrable are the donbly 
charged components dne to their decay to an energetic like-sign lepton pair. 


In e+e“ collisions a single A^’^ is prodnced via the reaction e+e“ — > e~l~ 

The cross section depends on two nnknown parameters, the mass of A^"^ and 
the strength h/^ of the lepton nnmber violating Al^rH conpling. Assnming /ia = 0.1 
and M^++ > 100 GeV the cross section is in the range 10 — 10^ fb. |^. Abont three 
orders of magnitnde more stringent limit is achievable for the ratio \h/\/M^++ p than 
the present limit of 10“^ from the Bhabha scattering ^2 


Another process where a single A^^ is prodnced is e “7 — l~^A . The primary 
lepton created in the process will remain nndetected as it is radiated almost parallel 
to the beam axis. One cannot tell whether this particle is a positron, antimnon or 
antitan. Therefore, the qnantity which one can test in the reaction is actnally the 
snm hgg -|- Assnming the integrated Inminosity of e~'y collisions to be L = 

5, 10, 20, 40 fb“^ for = 330, 460, 730, 1450 GeV, respectively, and that for the 
discovery of A^“ one needs ten events, we obtain the npper bonnds plotted in Fig. 
2. The sensitivity of LG will thns be 


hee, hg^, hgT ^10 
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( 1 ) 


for 

Ml- 


< 


Se'f Among the present constraints only hephee < 3.2 x 10 GeV 
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obtained from the process /x —> eee |^, can compete with these bonnds and 
only so at the low mass valnes. For the conpling her there does not exist any bonnd 
from the present experiments. 

The pair prodnction of Aj^’s proceeds throngh the s-channel exchange of the 
photon and the standard and the heavy Z bosons. The cross section scales as (3^/s 
as a fnnction of the c.m. energy y/s, where (3 is the velocity of the hnal state 
particles |^, For A^^A^” prodnction at ^/s = 500 GeV it is on the level of 
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a few hundreds of fb’s up to the vicinity of the kinematical limit, for the A~^'^A]^~ 
production slightly less. 

The kinematically most favoured decay modes of the doubly charged scalars are 
those to like-sign lepton pairs, which provide excellent discovery signals. 
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Figure caption 

Figure 1. Sensitivity of the processes e“e“ —and e+e“ —NN on 
the masses of the heavy charged gauge boson Wr and the right-handed neutrino N 
at the collision energy ^/s = 1.6 TeV assuming discovery limit of 0.1 fb and e+e“ 
luminosity of 200 fb“^. The mass of the doubly charged triplet Higgs is taken 
to be — = SM^r. Dashed line is for Majorana neutrinos, solid line for Dirac 
neutrinos. 

Figure 2. Sensitivity of the process e “7 —/■''A on the lepton number vi¬ 
olating couplings hee, and her as a function of the doubly charged Higgs mass 
Ma for various collision energies. The discovery limit of A is assumed to be ten 
events. 
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